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INTRODUCTION 


Ice  fog  is  a  phenomenon  which  occurs  when  the  ambient  temperature  goes  below 
-30°C  in  urban  areas  around  airfields  and  in  other  regions  where  there  are 
human  activities.1  This  phenomenon  occurs  more  frequently  and  with  greater 
density  as  the  temperature  decreases  below  -30°C.  When  water  vapor  is 
released  into  the  atmosphere  through  combustion  processes,  vehicular  activity, 
evaporation  from  open  ponds,  and  other  similar  sources,  it  tends  to  condense 
into  liquid  water  droplets.  As  these  droplets  freeze,  ice  fog  is  formed.  Ice 
fog  would  very  likely  form  on  the  battlefield  if  the  temperature  were  below 
-30°C  since  vehicular  activity  and  combustion  processes  would  provide  sources 
of  water  vapor.  The  presence  of  ice  fog  would  seriously  degrade  the 
visibility  and  the  utility  of  electro-optical  devices. 

ICE  FOG  CHARACTERISTICS 

Robinson  and  bell2  found  that  ice  fog  forms  in  conditions  of  low  temperatures, 
clear  skies,  and  low  windspeeds  associated  with  polar  continental  air 
masses.  Steep  surface-based  temperature  inversions  which  develop  under  such 
conditions  confine  water  vapor  emitted  near  the  surface  to  a  shallow  layer  of 
air,  in  which  the  ice  fog  forms.  The  moisture  tends  to  be  uniformly 
distributed  within  the  layer  which  is  usually  50  to  100  meters  deep  and  has  a 
well-defined  upper  limit. 

Visibility  tends  to  be  reduced  to  100  to  200  meters;  but  in  some  cases,  such 
as  on  major  thoroughfares  in  Fairbanks,  Alaska,  it  deteriorates  to  15  to  20 
meters.3  At  colder  temperatures,  the  visibility  tends  to  be  less  than  when 
the  temperature  is  near  -30°C. 

Visibilities  in  excess  of  300  kilometers  have  been  observed  in  the  largely 
uninhabited  regions  of  interior  Alaska  in  the  Arctic  winter;  however,  at  the 
same  time  ice  fog  has  been  observed  in  the  cities  and  near  the  airports. 
Studies  of  conditions  at  Fairbanks  have  shown  that  ice  fog  is  not  very 
probable  in  temperatures  between  -30°C  and  -40°C,  is  probable  in  temperatures 
less  than  -40°C,  and  is  nearly  inevitable  in  temperatures  colder  than 


lT.  Ohtake,  1970,  "Studies  on  Ice  Fog,"  UAG  R-211,  Geophysical  Institute  of 
the  University  of  Alaska,  Fairbanks,  Alaska 

2E.  Robinson  and  G.  B.  Bell,  Jr.,  1956,  "Low  Level  Temperature  Structure  Under 
Alaskan  Ice  Fog  Conditions,"  Bulletin  American  Meteorological  Society, 
37:506-513 

‘AeResearch,  Inc.,  1975,  "Baseline  Ice  Fog  Visibility  Study,"  AeResearch, 
Inc.,  College,  Alaska 
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-46°C.*  The  diurnal  variation  of  ice  fog  occurrence  is  rather  small;’ 
however,  ice  fog  does  tend  to  occur  somewhat  more  frequently  during  daylight 
hours  in  some  locations.  This  tendency  can  be  explained  by  the  higher  rate  of 
human  activity  during  the  day. 

The  mechanism  of  ice  fog  formation  is  simply  this: 

1.  Water  vapor  enters  the  atmosphere; 

2.  Droplets  are  formed  as  the  water  vapor  condenses;  and 

3.  The  droplets  freeze  and  form  ice  fog. 

The  droplets  tend  to  freeze  within  a  few  seconds  after  formation.1  Freezing 
takes  place  either  through  homogeneous  nucleation  or  heterogeneous  nucleation 
processes.  Homogeneous  nucleation  is  the  formation  of  ice  crystals  from  pure 
water  and  generally  occurs  at  temperatures  colder  than  -37°C.  Heterogeneous 
nucleation  is  the  process  in  which  an  ice  crystal  is  formed  when  water  freezes 
upon  a  minute  particle  of  a  foreign  substance  called  an  ice  condensation 
nucleus.  Ice  fog  seldom  occurs  at  temperatures  greater  than  -30°C  because  of 
the  rarity  of  particles  which  are  active  ice  condensation  nuclei  at  warmer 
temperatures.  Ice  fog  particles  formed  by  homogeneous  nucleation  are  usually 
slightly  irregularly  shaped  solid  particles  with  rudimentary  crystal  faces 
called  "droxtals."*  Heterogeneous  nucleation  usually  results  in  crystals 
which  are  hexagons  or  prisms.  The  hexagons  and  prisms  tend  to  be  larger  than 
the  droxtals  and  occur  less  frequently  at  the  colder  temperatures  where 
homogeneous  nucleation  is  more  prevalent.  The  diameters  of  the  particles  are 
usually  between  2  and  15  micrometers  with  the  mean  value  near  7  to  10 
micrometers.  The  mean  diameter  of  the  particles  decreases  with  decreasing 
temperature.  While  the  concentration  of  ice  fog  particles  varies  with  time 
and  space,  the  size  distribution  has  been  found  to  remain  constant  if  the 
source  of  water  vapor  does  not  change.*  The  size  distribution  is  usually 
multimodal  in  urban  areas  where  there  are  multiple  sources  of  water  vapor  and 
uniinodal  at  other  locations. 


"V.  J.  Oliver  and  M.  B.  Oliver,  1949,  "Ice  Fogs  in  the  Interior  of  Alaska," 
Bulletin  American  Meteorological  Society,  30:23-26 

5J.  M.  Mitchell  Jr.,  1958,  "Visual  Range  in  the  Polar  Regions  with  Particular 
Reference  to  the  Alaskan  Arctic,"  Polar  Atmosphere  Symposium  Part  I 
Meteorology  Section,  Pergmon  Press,  London 


‘T.  Ohtake,  1970,  "Studies  on  Ice  Fog,"  UAG  R-211,  Geophysical  Institute  of 
the  University  of  Alsaka,  Fairbanks,  Alaska 

‘W.  C.  Thuman  and  E.  Robinson,  1954,  "Studies  of  Alaskan  Ice  Fog  Particles," 
Journal  of  Meteorology,  11:151-156 
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OPTICAL  PROPERTIES  OF  ICE  FOG 


Visually,  ice  fog  appears  to  be  very  similar  to  other  types  of  fogs.  However, 
the  average  size  of  ice  fog  particles  is  usually  less  than  that  of  other  types 
of  fogs  and  favors  greater  optical  scattering.5  Thus,  the  visibility  is  less 
in  ice  fog  than  in  other  types  of  fogs  for  the  equivalent  liquid  water 
content.  An  empirical  relationship  relating  visual  range,  Vm,  to  liquid  water 
content,  w,7  is  : 


V 

m 


_  I . 3  ro  «>W\l/3 
w  *•  *  'Tr 


1.5d]  , 


where  N  =  particle  number  density,  and  cl  =  mean  linear  diameter.  This 
formulation  accounts  for  differing  particle  size  distributions  but  does  not 
relate  to  temperature  or  other  environmental  factors. 

Two  studies*  9  have  been  conducted  which  compared  extinction  at  various 
wavelengths  to  results  of  Mie  scattering  calculations.  These  studies  found 
that  Mie  calculations  and  experimental  measurements  agree  within  the  limits  of 
experimental  error  for  wavelengths  ranging  from  0.63  to  3.4  micrometers.  The 
measurements  used  in  these  studies  were  made  at  temperatures  of  -40°C  or 
colder.  At  these  temperatures,  the  ice  fog  particles  which  predominate  are 
the  small,  almost  spherical  droxtals;  while  the  larger,  less  nearly  spherical 
prisms  and  hexagons  are  relatively  few.  The  success  of  the  Mie  theory  in 
predicting  extinction  in  ice  fog  is  assumed  to  be  due  to  this  predominance  of 
nearly  spherical  particles.  Based  on  these  studies,  the  conclusion  was  that 
results  of  Mie  scattering  calculations  may  be  used  in  deriving  relationships 
between  visible  and  infrared  extinction. 

MIE  SCATTERING  CALCULATIONS 

To  derive  these  relationships  between  extinction  at  visible  wavelengths  and 
that  at  1.06,  3  to  5,  and  8  to  12  micrometers,  calculations  were  made  by  using 


5J.  M.  Mitchell  Jr.,  1958,  "Visual  Range  in  the  Polar  Regions  with  Particular 
Reference  to  the  Alaskan  Arctic,"  Polar  Atmosphere  Symposium  Part  I 
Meteorology  Section,  Pergmon  Press,  London 

7T.  Ohtake  and  P.  J.  Huffman,  1969,  “Visual  Range  in  Ice  Fog,"  Journal  of 
Applied  Meteorology,  8:499-501 

*H.  W.  O'Brien  and  M.  Kumai ,  1973,  "Transmission  of  2.0  to  3.4  Micron  Infrared 
Radiation  in  Ice  Fog,"  SR  189,  Cold  Regions  Research  and  Engineering 
Laboratory,  Hanover,  NH  (AD  766301) 

’R.  Munis  and  A.  Delaney,  1972,  "Measurements  of  Laser  Extinction  in  Ice  Fog 
for  Oesign  of  SEV  Pilotage  System,”  RR  302,  Cold  Regions  Research  and 
Engineering  Laboratory,  Hanover,  NH  (AD  750114) 


a  general -purpose  Mie  scattering  code  as  described  by  Shirkey  et  al . 1 0  The  ! 

particle  size  distributions  used  are  shown  in  figure  1  and  are  based  on  '  j 

measurements  made  in  the  Fairbanks  area  as  reported  by  Kumai  and  Russell.1*  . 

Distribution  1  in  figure  1  represents  the  ice  fog  crystals  occurring  at  -39°C,  j 

while  distribution  2  represents  an  occurrence  at  -41°C.  The  complex  indices  • 

of  refraction  for  ice  which  were  used  are  shown  in  table  l13  and  are  as 
tabulated  by  Paltridge  and  Platt.13  Extinction  coefficient  calculations  were  ' 

made  for  both  size  distributions  for  various  wavelengths  and  particle  number 
densities. 

« 

The  findings  show  that  if  the  particle  number  densities  were  varied  while  the  '* 

particle  size  distribution  and  the  wavelengths  were  held  constant  the 

resulting  infrared  extinction  coefficient,  ajR,  was  very  nearly  a  linear 

function  of  the  visible  extinction  coefficient,  oyjc.  Slight  differences  were 

noticed  between  the  linear  relationship  resulting  from  the  two  particle  size 

distributions. 

i 

However,  relatively  large  variations  were  noticed  when  the  particle  size  .  ■ 

distributions  and  number  densities  were  fixed  and  the  wavelength  was  varied  , ' 

over  the  ranges  of  3  to  5  and  8  to  12  micrometers  (table  1). 

As  a  result,  the  conclusion  was  that  a  simple  linear  relationship  of  the  form 


aIR  =  C  °VIS  *  (1) 


where  C  is  a  constant,  would  be  suitable  for  \  =  1.06  micrometers  but  would 
not  be  particularly  descriptive  for  the  3-  to  5-  and  8-  to  12-micrometer 
regions.  The  more  general  form 


°IR  "  f(x)oVIS  ’ 


(2) 


*'R.  C.  Shirkey  et  al ,  1980,  Single  Scattering  code  AGAUSX:  Theory, 
Applications,  Comparisons,  and  listing,  ASL-TR-0062,  Us  Army  Atmospheric 
Sciences  Laboratory,  White  Sands  Missile  Range,  NM 

“M.  Kumai  and  J.  D.  Russell,  1969,  "The  Attenuation  and  Backscatteri ng  of 
Infrared  Radiation  by  Ice  Fog  and  Water  Fog,"  RR  264,  Cold  Regions  Research 
and  Engineering  Laboratory,  Hanover,  NH  (AD  689447) 

1 JW.  M.  Irvine  and  J.  B.  Pollack,  1968,  "Infrared  Optical  Properties  of  Water 
and  Ice  Spheres,"  Icarus ,  8:324-360 

llG.  W.  Paltridge  and  C.  M.  R.  Platt,  1976,  Radiative  Processes  in  Meteorology 
and  Climatology,  Elsevier  Scientific  Publ i shi ng  Company,  Amsterdam,  tne 
Netherlands 
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ICE  FOG  PARTICLE  RADIUS  (  m  ) 


TABLE  1. 


COMPLEX  [NO ICES  OF  REFRACTION  (PALTRIDGE  AND 
PLATT,  1976 ) ,  VOLUME  EXTINCTION  COEFFICIENTS, 
AND  RATIO  OF  INFRARED  AND  VISIBLE  EXTINCTION 
COEFFICIENTS  FOR  ICE  FOG 


Computed  Extinction 
Coefficient  (km-1) 


Wavelengths 

(mui) 

Index  of 

(m) 

Refraction 

OO 

Distribution  1 
(140/cm3 ) 

Distribution  2 
(140/cm3) 

(UT 
\  Hills. 

0.40 

1.3 

10‘8 

20.38 

13.18 

0.55 

1.3 

10*8 

20.64 

13.43 

0.70 

Mean  0.4- 
0.7 

1.3 

10-8 

20.83 

20.62 

13.56 

13.39 

1.06 

1.3 

2.  5  x 
10‘6 

21.31 

13.76 

1.031 

3.0 

1.13 

0.2273 

20.42 

12.90 

.976 

3.1 

1.280 

0.3252 

21.96 

14.23 

1.064 

3.2 

1.557 

0. 1562 

23.26 

15.47 

1.142 

3.3 

1.530 

0.0625 

23.70 

15.93 

1.170 

3.4 

1.490 

0.0307 

24.14 

16.33 

1.196 

3.5 

1.422 

0.0163 

24.43 

16.83 

1.221 

3.6 

1.395 

0.0105 

24.54 

17.11 

1.234 

3.7 

1.375 

0.0093 

24.79 

17.29 

1.246 

3.8 

1.356 

0.0082 

25.20 

17.39 

1.260 

3.9 

1.340 

0.0104 

25.65 

17.37 

1.270 

4.0 

1.327 

0.0124 

26.05 

17.32 

1.273 

4.1 

1.316 

0.0150 

26.39 

17.25 

1.284 

4.2 

1.307 

0.0175 

26.66 

17.16 

1.288 

4.3 

1.299 

0.0218 

26.80 

17.02 

1.286 

4.4 

1.288 

0.0282 

26.79 

16.75 

1.275 

4.5 

1.280 

0.0330 

26.70 

16.50 

1.263 

4.6 

1.272 

0.0287 

26.99 

16.46 

1.269 

4.7 

1.266 

0.0215 

27.43 

16.52 

1 . 282 

4.8 

1.258 

0.0173 

27.67 

16.43 

1.234 

4.9 

Mean  3-5 

1.252 

0.0147 

27.75 

25.37 

16.27 

16.42 

1 . 230 
1.226 

8.0 

1.219 

0.0369 

18.08 

9.58 

.  797 

8.5 

1.217 

0.0352 

16.76 

8.80 

.735 

9.0 

1.210 

0.0365 

15.12 

7.88 

.660 

9.5 

1.192 

0.0310 

12.49 

6.42 

.543 

10.0 

1.152 

0.0413 

9.24 

4.81 

.404 

10.5 

1.192 

0.0602 

12.04 

6.35 

.530 

11.0 

1.290 

0.0954 

18.02 

9.76 

.802 

11.5 

1.393 

0.1140 

22.47 

12.42 

1.009 

12.0 

Mean  8-12 

1.480 

0.1200 

25.19 

16.60 

14. 13 

8.91 

1.139 

.736 
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where  f(x)  is  a  polynomial  in  the  wavelength,  x,  was  assumed  for  these 
regions.  To  find  f(x)  in  equation  (2),  the  quantity  ojr/ovjS  was  comPuted  for 
the  two  particle  size  distributions  with  fixed  particle  number  density  and  for 
each  wavelength.  The  visible  extinction  coefficient,  oy [5,  was  taken  to  be 
the  mean  of  that  found  for  x  -  0.4,  0.55,  and  0.7  micrometer.  Then,  the 
quantity  was  obtained  by  taking  the  average  of  0 1 r/°v I S  ^or  the  tw0 
distributions  at  each  wavelength.  The  results  are  tabulated  in  table  1  and 
also  illustrated  in  figures  2  and  3.  Sixth-order  polynomials  of  the  form 


n 

(°I^/ayi^)  -  f ( ^ ~  £  A(i)x 


gave  sufficient  accuracy.  The  coeff icients,  A(i),  are  given  in  table  2  for 
each  of  the  wavelength  regions  with  the  resulting  curves  shown  in  figures  2 
and  3.  For  x  =  1.06  micrometers,  the  constant  C  in  equation  (1)  was  found  to 
be  1.034,  giving 


°1.06  =  1,034  °VIS  ' 


CONCLUSIONS 

Results  of  Mie  scattering  calculations  have  been  used  to  derive  relationships 
between  the  extinction  coefficients,  ox,  for  visible  and  infrared 
wavelengths.  These  relationships  are  as  follows: 


°1. 06  =  1,034  °V I S 


a3-5  =  °VIS^"1" 070  *  103  +  1,615  *  10’x  '  1,011  x  103x2 

+  3.364  x  10* x3  -  6.265  x  10‘a1*  +  6.  193a  5  -  2.  538  x  10"‘x6] 

Oy. 12  =  aVIS[1.891  x  10"  -  1.156  x  10-X  +  2.919  x  103x* 

-3.915  x  10*x3  +  2.937  x  10‘x"  -  1.169X5  +  1.928  x  10‘*x6] 

These  results  are  based  upon  the  assumptions  that  the  only  aerosol  particles 
in  the  atmosphere  are  spherical  ice  crystals  and  that  no  liquid  water  or  other 
particles  are  present  in  sufficient  numbers  to  be  significant.  These 
assumptions  are  probably  valid  for  a  steady  state  ice  fog  but  are  questionable 
during  formation  and  dissipation  stages.  Also,  other  effects  such  as 
absorption  of  infrared  radiation  by  carbon  dioxide  and  water  vapor  and 
multiple  scattering  effects  have  not  been  included  in  this  study. 


1 1 


IR/  VIS 


1.3 


Figure  2.  Ratio  of  infrared  extinction  coefficient  (3  to  5 

micrometers)  to  the  visible  extinction  coefficient  as  a 
function  of  wavelengths. 


2 


Figure  3.  Ratio  of  infrared  extinction  coefficient  (8  to  12 

micrometers)  to  the  visible  extinction  coefficient  as  a 


TABLE  2 


REGRESSION  EQUATION  COEFFICIENTS  RELATING  INFRARED 
AND  VISIBLE  VOLUME  EXTINCTION  COEFFICIENTS  FOR 
ICE  FOG 


Coefficient 


3um  to  5pin 


A  ( 0 ) 
A(l) 
A(2) 
A(3) 
A(4) 
A(5) 
A  ( 6 ) 


-1.06969  x  10* 
1.61499  x  103 
-1.01128  x  10* 
3.36361  x  102 
-6.26476  x  10‘ 
6.19322 

-2.53842  x  10“l 


0 IR  =  °VIS  C A ( 0 )  +  A(l)x  +  A(2)x 2  +  A(3)x3  +  A(4)x* 
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8um  to  12um 

1.89126  x  10* 
-1.15608  x  10* 
2.91854  x  10J 
-3.91466  x  102 
2.93719  x  10* 
-1.16888 
1.92771  x  10‘2 

+  A( 5 ) x s  +  A(6)x6] 


■MkifeiMlMttMilHHMKiaiiaiAiiiiteAi 


Note  that  the  relationships  stated  above  were  derived  from  mean  values 
obtained  from  using  only  two  particle  size  distributions  which  may  not 
necessarily  be  typical  for  ice  fog  in  general.  The  ratio  of  infrared  and 
visible  extinction  coefficients  for  the  two  size  distributions  varied  by  as 
much  as  8  percent  in  the  3-  to  5-micrometer  region  and  25  percent  in  the  8-  to 
12-micrometer  region.  Thus,  the  extinction  coefficients  obtained  by  use  of 
these  functions  should  be  considered  as  examples  and  not  necessarily  precise 
for  a  specific  ice  fog  event.  However,  the  extinction  coefficients  for  the  3- 
to  5-micrometer  wavelengths  might  be  expected  to  exhibit  less  variation  during 
different  ice  fog  conditions  than  the  coefficients  for  the  8-  to  12-micrometer 
wavelengths. 

One  question  which  frequently  arises  in  obscuration  studies  is  whether  there 
is  an  advantage  to  operating  at  one  wavelength  as  opposed  to  some  other  one  in 
terms  of  the  extent  of  the  obscuration.  Since  according  to  the  Koschmeider 
relationship,  visual  range  is  inversely  proportional  to  the  extinction 
coefficient,  a  larger  extinction  coefficient  implies  a  greater  obscuration. 
This  study  shows  that  visible  wavelengths  are  less  obscured  in  ice  fog  than  in 
wavelengths  at  1.06,  3.5  to  5.0,  and  11.5  to  12.0  micrometers.  The 
transmission  was  found  to  be  better  than  the  visible  at  wavelengths  of  3.0  and 
8  to  11  micrometers.  Most  notably,  transmission  at  10  micrometers  was  better 
than  at  visible  wavelengths  by  a  factor  of  two. 
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A  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  Roger  H.  Berger) 
Hanover,  NH  03755 

Commander 

US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRDAR-AC  (Mr.  James  Greenfield) 
Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRDAR-TSS  (Bldg  #59) 

Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
A  Development  Command 

ATTN:  DRCPM-CAWS-EI  (Mr.  Peteris  Jansons) 
Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  G.  H.  Waldron) 
Dover,  NJ  07801 

Deputy  Joint  Project  Manager 
for  Navy/USMC  SAL  GP 

ATTN:  DRCPM-CAWS-NV  (CPT  Joseph  Mi  cel i) 
Dover,  NJ  07801 

Comander/Di  rector 
US  Army  Combat  Surveillance  A  Target 
Acquisition  Laboratory 
ATTN:  DELCS-I  (Mr.  David  Longinotti) 

Fort  Monmouth,  NJ  07703 

Commander/Di  rector 
US  Army  Combat  Surveillance  A  Target 
Acquisition  Laboratory 
ATTN:  DELCS-PE  (Mr.  Ben  A.  Di  Campli) 

Fort  Monmouth,  NJ  07703 


Commander/Di  rector 
US  Army  Combat  Surveillance  A  Target 
Acquisition  Laboratory 
ATTN:  DELCS-R-S  (Mr.  Donald  L.  Foiani) 
Fort  Monmouth,  NJ  07703 

Director 

US  Army  Electronics  Technology  A 
Devices  Laboratory 
ATTN:  DELET-DD  (S.  Danko) 

Fort  Monmouth,  NJ  07703 

Project  Manager 
FIREFINDER/REMBASS 

ATTN:  DRCPM-FFR-TM  (Mr.  John  M.  Bialo) 
Fort  Monmouth,  NJ  07703 

Commander 

US  Army  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-SA  (Dr.  Walter  S.  McAfee) 
Fort  Monmouth,  NJ  07703 

OLA,  2WS  (MAC) 

Holloman  AFB,  NM  88330 

Commander 

Air  Force  Weapons  Laboratory 
ATTN:  AFWL/WE  (MAJ  John  R.  El  rick) 
Kirtland,  AFB,  NM  87117 

Di rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL 

White  Sands  Missile  Range,  NM  88002 
Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Dolores  Anguiano) 

White  Sands  Missile  Range,  NM  88002 

Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TDB  (Mr.  Louie  Dominguez) 
White  Sands  Missile  Range,  NM  88002 

Di rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TDB  (Mr.  William  J.  Leach) 
White  Sands  Missile  Range,  NM  88002 


Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TGP  (Mr.  Roger  F.  Willis) 
White  Sands  Missile  Range,  NM  88002 

Di rector 

Office  of  Missile  Electronic  Warfare 
ATTN:  OELEW-M-STO  (Dr.  Steven  Kovel) 
White  Sands  Missile  Range,  NM  88002 

Office  of  the  Test  Director 
Joint  Services  EO  GW  CM  Test  Program 
ATTN:  DRXDE-TD  (Mr.  Weldon  Findley) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Army  White  Sands  Missile  Range 
ATTN:  STEWS-PT-AL  (Laurel  B.  Saunders) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Army  R&D  Coordinator 
US  Embassy  -  Bonn 
Box  165 

APO  New  York  09080 

Grumman  Aerospace  Corporation 
Research  Department  -  MS  A08-35 
ATTN:  John  E.  A.  Selby 
Bethpage,  NY  11714 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLD  (Bette  Smith) 

Griffiss  AFB ,  NY  13441 

Dr.  Roberto  Vagi io-Laurin 
Faculty  of  Arts  and  Science 
Dept,  of  Applied  Science 
26-36  Stuyvesant  Street 
New  York,  NY  10003 


Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (CPT  William  C.  Smith) 
Wright-Patterson  AFB,  OH  45433 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R  (CPT  James  M.  Watson) 

Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD-MS 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  NOAA  Liaison  Officer 

(C DR  Jeffrey  G.  Carlen ) 

Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
Morris  Swett  Library 
ATTN:  Reference  Librarian 
Fort  Sill,  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  301  (Mr.  George  F.  Eck) 
Warminster,  PA  18974 

The  University  of  Texas  at  El  Paso 
Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  H.  Pierluissi 
El  Paso,  TX  79968 


Air  Force  Wright  Aeronautical  Laboratories/  Commandant 
Avionics  Laboratory  US  Army  Air  Defense  School 

ATTN:  AFWAL/AARI-3  (Mr.  Harold  Geltmacher)  ATTN:  ATSA-CD-SC-A  (CPT  Charles  T.  Thorn) 
Wright-Patterson  AFB,  OH  45433  Fort  Bliss,  TX  79916 


Commander 

HQ,  TRADOC  Cobmined  Arms  Test  Activity 
ATTN:  ATCAT-OP-Q  (CPT  Henry  C.  Cobb,  Jr.) 
Fort  Hood,  TX  76544 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-SCI  (Dr.  Darrell  W.  Collier) 
Fort  Hood,  TX  76544 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-L 
Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-M  (Mr.  Paul  E.  Carlson) 

Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  John  Trethewey) 

Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  William  Peterson) 

Dugway,  UT  84022 

Defense  Documentation  Center 
ATTN:  DDC-TCA 
Cameron  Station  Bldg  5 
Alexandria,  VA  22314 
12 

Ballistic  Missile  Defense  Program  Office 
ATTN:  DACS-BMT  (Colonel  Harry  F.  Ennis) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Technical  Information  Center 
ATTN:  DDA-2  (Mr.  James  E.  Shafer) 

Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 


Commander 

US  Army  Materiel  Development 
4  Readiness  Command 

ATTN:  DRCBSI-EE  (Mr.  Albert  Giambalvo) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commander 

US  Army  Materiel  Development 
4  Readiness  Command 
ATTN:  DRCLDC  (Mr.  James  Bender) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Steve  Zakanyez 
1400  Wil son  B1 vd 
Arlington,  VA  22209 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Dr.  James  Tegnelia 
1400  Wilson  31 vd 
Arlington,  VA  22209 

Institute  for  Defense  Analyses 
ATTN:  Mr.  Lucien  M.  Biberman 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  for  Defense  Analyses 
ATTN:  Dr.  Ernest  Bauer 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  of  Defense  Analyses 
ATTN:  Dr.  Hans  G.  Wolfhard 
400  Army-Navy  Drive 
Arlingon,  VA  22202 

System  Planning  Corporation 
ATTN:  Mr.  Daniel  Friedman 
1500  Wilson  Boulevard 
Arlington,  VA  22209 

System  Planning  Corporation 
ATTN:  COL  Hank  Shelton 
1500  Wilson  Boulevard 
Arlington,  VA  22209 


US  Army  Intelligence  A  Security  Command 
ATTN:  Edwin  Speakman,  Scientific  Advisor 
Arlington  Hall  Station 
Arlington,  VA  22212 

Command er 

US  Army  Operational  Test 
A  Evaluation  Agency 
ATTN:  CSTE-ED  (Mr.  Floyd  I.  Hill) 

5600  Columbia  Pike 
Falls  Church,  VA  22041 

Commander  and  Director 
US  Army  Engineer  Topographic  Laboratories 
ATTN:  ETL-GS-A  (Mr.  Thomas  Neidri nghaus ) 
Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Rudolf  G.  Buser) 

Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Robert  S.  Rodhe) 

Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Joseph  R.  Moulton) 
Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Luanne  P.  Obert) 

Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision 
A  Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Thomas  W.  Cassidy) 
Fort  Bel  voir,  VA  22060 


Director 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Richard  J.  Bergemann) 
Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Dr.  James  A.  Ratches) 

Fort  Bel  voir,  VA  22060 

Commander 

US  Army  Traininq  A  Doctrine  Command 

ATTN:  ATCD-AN 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 

ATTN:  ATCD-AN-M 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATCD-F-A  (Mr.  Chris  O'Connor,  Jr.) 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATCD-IE-R  (Mr.  David  M.  Ingram) 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATCD-M-I/ATCD-M-A 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  A  Doctrine  Command 
ATTN:  ATDOC-TA  (Dr.  Marvin  P.  Pastel) 

Fort  Monroe,  VA  23651 

Department  of  the  Air  Force 
OL-I ,  AWS 

Fort  Monroe,  VA  23651 

Department  of  the  Air  Force 
HQS  5  Weather  Wing  (MAC) 

ATTN:  5  WW/DN 

Langley  Air  Force  Base,  VA  23655 


Commander 

US  Army  INSCOM/Quest  Research  Corporation 
ATTN:  Mr.  Donald  Wilmot 
6845  Elm  Street,  Suite  407 
McLean,  VA  22101 

General  Research  Corporation 
ATTN:  Or.  Ralph  Zirkind 
7655  Old  Springhouse  Road 
McLean,  VA  22102 

Science  Applications,  Inc. 

8400  Westpark  Drive 
ATTN:  Dr.  John  E.  Cockayne 
McLean,  VA  22102 

US  Army  Nuclear  &  Chemical  Agency 
ATTN:  MONA-WE  (Dr.  John  A.  Berberet) 

7500  Backlick  Road,  Bldg  2073 
Springfield,  VA  22150 

Oi rector 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-EA  (Mr.  Douglas  Harkleroad) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 


Defense  Communications  Agency 
Technical  Library  Center 
Code  222 

Washington,  DC  20305 
Director 

Defense  Nuclear  Agency 

ATTN:  Technical  Library  (Mrs.  Betty  Fox) 

Washington,  DC  20305 

Director 

Defense  Nuclear  Agency 
ATTN:  RAAE  (Dr.  Carl  Fitz) 

Washington,  DC  20305 

Di rector 

Defense  Nuclear  Agency 

ATTN:  SPAS  (Mr.  Donald  J.  Kohler) 

Washington,  DC  20305 

Defense  Intelligence  Agency 
ATTN:  DT/A C  ( LTC  Robert  Poplawski) 
Washington,  DC  20301 

HQDA  (DAMA-ARZ-D/Dr.  Verderame) 
Washington,  DC  20310 


Oi rector 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-OS  (Dr.  Royal  H.  Burkhardt) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Commander 

US  Army  Cold  Regions  Test  Center 
ATTN:  STECR-TD  (Mr.  Jerold  Barger) 

APO  Seattle,  WA  98733 

HQDA  (SAUS-OR/Hunter  M.  Woodall,  Jr./ 

Dr.  Herbert  K.  Fal 1  in) 

Rm  2E  614,  Pentagon 
Washington,  DC  20301 

COL  Elbert  W.  Friday,  Jr. 

OUSDRE 

Rm  3D  129,  Pentagon 
Washington,  DC  20301 


HQDA  (DAMI-ISP/Mr.  Beck) 

Washington,  DC  20310 

Department  of  the  Army 
Deputy  Chief  of  Staff  for 
Operations  and  Plans 
ATTN:  DAMO-RQ 
Washington,  DC  20310 

Department  of  the  Army 
Director  of  Tel ecommunications  and 
Command  and  Control 
ATTN:  DAMO-TCZ 
Washington,  DC  20310 

Department  of  the  Army 

Assistant  Chief  of  Staff  for  Intelligence 

ATTN:  DAMI-TS 

Washington,  DC  20310 


HQDA  (DAEN-RDM/Dr.  de  Percin) 

Casimir  Pulaski  Building 
20  Massachusetts  Avenue 
Room  6203 

Washington,  DC  20314 

National  Science  Foundation 
Division  of  Atmospheric  Sciences 
ATTN:  Dr.  Eugene  W.  Bierly 
1800  G.  Street,  N.W. 

Washington,  DC  20550 

Director 

Naval  Research  Laboratory 

ATTN:  Code  4320  (Or.  Lothar  H.  Ruhnke) 

Washington,  DC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6009  (Dr.  John  MacCallum,  Jr.) 

Washington,  DC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6530  (Mr.  Raymond  A.  Patten) 

Washington,  DC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6533  (Dr.  James  A.  Dowling) 

Washington,  DC  20375 
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